e have studied, prospectively, 116 patients with motor deficits associated with herniation of a lumbar disc who underwent microdiscectomy. They were studied during the first six months and at a mean of 6.4 years after surgery. Before operation, muscle weakness was mild (grade 4) in 67% of patients, severe (grade 3) in 21% and very severe (grade 2 or 1) in 12%. The muscle which most frequently had severe or very severe weakness was extensor hallucis longus, followed in order by triceps surae, extensor digitorum communis, tibialis anterior, and others.
Few studies have described the incidence of muscle weakness and its recovery after conventional surgery [1] [2] [3] [4] [5] [6] or microsurgery 7 for herniation of a lumbar disc. Even fewer investigations, carried out on patients who had conventional surgery, [8] [9] [10] [11] [12] have considered the postoperative restoration of muscle power and all but one 12 have focused only on the muscles supplied by the L5 nerve root 8, 9 or extensor hallucis longus (EHL). 10, 11 There have been contradictory results concerning the proportion of patients who recover and the degree of recovery. 13 Little and conflicting information is available on the factors which may affect the postoperative restoration of muscle strength. Furthermore, no investigation has analysed the patient's functional disability resulting from a persistent muscle weakness.
We have therefore attempted to evaluate the long-term results of microsurgical discectomy in patients with a herniated disc at any level in the lumbar spine in order to determine the incidence of preoperative muscle weakness and the rate and degree of recovery after surgery, to investigate possible factors which may affect the recovery, and to analyse whether a persistent muscle deficit is associated with any subjective functional disability.
Patients and Methods
Between 1991 and 1997, microsurgical discectomy was undertaken by the senior author (FP) on 508 patients who had herniated lumbar discs without significant spinal stenosis. Preoperative clinical examination, consistently carried out by the same orthopaedic surgeon, revealed 138 patients (27%) with weakness of one or more muscles in the lower limb. Loss of muscle strength was evaluated according to the classification of the Medical Research Council (MRC), 14 which grades muscle strength on a scale of 0 (paralysis) to 5 (normal strength). The strength was assessed manually for all muscles except triceps surae which was tested both manually and by asking the patient to rise on tiptoe on each leg separately. No patient had complete paralysis of any muscle or the cauda equina syndrome. In no patient did muscle weakness become worse after surgery. The preoperative diagnosis was made by CT or MRI or both. Electromyography (EMG) was performed in a small number of patients usually to obtain an objective demonstration of any neural deficit for medicolegal reasons. At the time of surgery, the type of herniation (contained, extruded or sequestrated) and the site (posterior or lateral, i.e. intraforaminal or extraforaminal) were recorded. All patients were examined after an interval of one, two, three, four and six months after surgery. Each follow-up examination was carried out by the senior author and, independently, by the surgeon who had examined the patient preoperatively. Muscle strength. To assess the strength of the EHL, the examiner (right-handed), stood on the patient's right side, resisting foot dorsiflexion with the dorsum of his right hand, and tested extension of the big toe with his left middle finger, or both the index and middle finger, placed at the level of the distal phalanx of the big toe. 15 This manoeuvre allows the EHL to exert its maximal strength in isolation.
The strength of tibialis anterior was tested with the patient supine and the knee flexed at 30°. In this position the strength of dorsiflexion is less than that with the knee extended and muscle weakness is more easily detected and graded. 15 The assessment in this position was confirmed by measuring the strength of dorsiflexion with the patient sitting on the edge of the bed.
To test the strength of the peronei, the patient was asked to dorsiflex the foot and then to evert it against the resistance of the examiner's hand, who, at the same time, grasped the patient's ankle with the opposite hand to prevent external rotation of the whole limb. 15 Extensor digitorum communis was tested with the patient supine. The dorsiflexion of the lateral four toes was resisted with the examiner's fingers placed at the level of the proximal interphalangeal joint. 15 Triceps surae was first tested manually with the patient lying supine by assessing the strength of plantar flexion with the knee extended. Muscle strength was also assessed by asking the patient to rise on tiptoe on a single leg in the standing position, on one side at a time.
Weakness was arbitrarily rated as very severe (2/5) when the patient was totally unable to rise and severe (3/5) when he could rise only 2 cm or less from the ground. This grading is functionally comparable with the standard grading because the complete inability to rise on tiptoe involves a similar dysfunction as the inability to dorsiflex the foot. The strength of quadriceps femoris was assessed with the patient in the prone position. The examiner held down the patient's thigh with his left hand, and resisted knee extension with the right hand. The prone position was chosen because it was easier for the examiner and more sensitive than other positions. 15 When a patient was unable to lie prone because of leg pain, the test was carried out in the supine position with the affected knee flexed at 40°. The strength of the adductors was evaluated with the patient supine, resisting adduction of one thigh at a time. Gluteus maximus was tested with the patient prone, resisting hip extension with the knee extended. The hip flexors were tested with the patient in the sitting position. Study group. Of the 138 patients who had muscle weakness before surgery, nine were lost to follow-up, seven had died and six refused to attend for the long-term follow-up evaluation. This left 116 patients in the study, 66 men and 50 women, with a mean age of 49 years (17 to 83) at the time of surgery. Of these, 58 (50%) smoked and 13 (11%) drank more than half a litre of wine a day; 12 (10%) had arterial hypertension and 4 (3%) were diabetic. The latest follow-up was carried out at a mean of 6.4 years (3 to 10) after surgery. Before operation, 54 (47%) patients had weakness of a single muscle and 62 (53%) of two or more muscles. A mild loss of muscle strength was present in 78 patients (67%), a severe loss in 24 (21%) and a very severe loss in 14 (12%). The muscle most often showing loss of strength was EHL, followed by tibialis anterior, triceps surae, extensor digitorum communis (EDC), peronei, quadriceps femoris, gluteus maximus adductors and the hip flexors (Table I ). The EHL was the muscle which most frequently showed a severe or very severe weakness; it was followed by the triceps surae, EDC, tibialis anterior, peronei, quadriceps femori and others. Of the patients with a very severe deficit lasting between eight days and 16 months, ten had involvement of the L5 nerve root, three of the S1 root, and one of both roots (Table II) .
All but two patients were operated on at a single lumbar level, at L2-L3 in three patients, L3-L4 in 16, L4-L5 in 63 and L5-S1 in 32. The two double-level discectomies were carried out at L3-L4 and L4-L5 in one patient and at L4-L5 and L5-S1 in the other. Most patients had an extruded or sequestrated herniation (Table III) between the onset of muscle weakness and surgery was 75 days (7 to 730) in the entire group, and 45 days (7 to 553) in the group with severe or very severe muscle weakness. After surgery, most patients with severe and all patients with very severe loss of muscle strength followed a protocol of neuromuscular rehabilitation, which included active exercises and electrical stimulation of the muscles which were involved. In some of the patients with very severe muscle weakness EMG was performed at various time intervals during the first few months after surgery. At the latest follow-up evaluation, the relevant data were recorded and the patients were asked to express their satisfaction with the result of surgery on a scale of 0 to 100. They also completed the Oswestry questionnaire to evaluate their functional disability 16 and were examined by an orthopaedic surgeon who was not involved in their treatment and who was blinded to the preoperative clinical data and the results of muscle assessments made at earlier follow-up examinations. Before the long-term follow-up evaluation was begun, the independent examiner assessed 50 patients with herniation of the lumbar disc not included in the study, together with the orthopaedic surgeon who had examined the patients under study before operation and at earlier follow-up studies. This was done in order to make the modalities of assessment and the criteria of grading muscle strength at the latest follow-up as similar as possible to the previous evaluations. Preoperative CT or MR scans were evaluated by an experienced neuroradiologist who was not involved in the preoperative diagnosis, in order to determine the size of the spinal canal, which was graded as normal, narrow but not stenotic or mildly stenotic. 17 Statistical analysis was by Pearson's test, Fisher's exact test and forward step-wise logistic regression.
Results
Complete recovery of muscle strength was found in 88 of the 116 patients (76%). Of the remainder, 18 (15%) had persistent weakness of a single muscle and ten (9%) of two or more muscles. Muscle strength was graded as 4 in all patients with involvement of lumbar roots (L2 to L5), except for the two who had a very severe deficit of the muscles supplied by the L5 root. One of these who had a long-standing deficit, obtained no improvement, and the other showed only a mild improvement in strength (cases 4 and 14, Table II) . Of the three patients with involvement of the S1 root who preoperatively were unable to rise on tiptoe on the affected leg, two had no recovery of strength of the triceps surae (cases 7 and 10, showed partial or complete recovery, usually did so within two months of the operation; 83% of patients had maximal recovery of strength between two and four months after operation, while 4% ceased to improve at six months. Of the patients with severe or very severe motor deficits, 16% had further improvement between the six-month and the latest follow-up (Table IV) . At the long-term follow-up, the muscles which most frequently remained weak, were the peronei and EHL, followed by the tibialis anterior, quadriceps femoris, triceps surae and EDC (Table V) . A residual loss of muscle strength was observed in 16% of patients who had a mild weakness before operation and 39% of those with a severe or very severe muscle deficit.
In the group of patients with mild preoperative weakness, the mean duration of the muscle deficit before surgery was significantly shorter in those who recovered completely (84 days) than in those who had a residual loss of strength (120 days) (p = 0.029). Likewise, in the group with severe weakness, there was a significant difference (p = 0.017) in the mean duration of the preoperative deficit between the patients who had a complete recovery of muscle strength (35 days, 7 to 90) and those with residual muscle weakness (69 days, 8 to 730). An inverse relationship was found between the severity of the preoperative muscle deficit and the ability to recover a complete motor function (p = 0.0046). A significant difference (p = 0.038) was found between the presence of an extruded or sequestrated herniation and the presence and severity of residual muscle weakness (Table III) .
No significant difference was found with regard to the mean age at the time of surgery between the patients who had a complete recovery (48 years) and those with partial recovery (51 years) of muscle strength. In the group with complete recovery there were 48 men (54%) and 40 women (45%), compared with 17 men (60%) and 11 women (39%) in the group with residual deficit, with no significant difference between the two groups. Smoking habits, intake of alcohol or comorbid diseases did not affect the recovery of muscle deficit. No significant difference was found in the nerve-root tension tests before surgery between the patients with complete and those with partial recovery of muscle strength. There was no relationship between the size of the spinal canal (normal, narrow or mildly stenotic) and the degree of recovery of muscle strength and there was no significant correlation between the persistence of muscle weakness and the persistence or recurrence of leg or low back pain. Of the eight patients who had a recurrent herniation demonstrated by MRI, five had complete and three had partial recovery after the initial surgery.
The mean score reflecting patient satisfaction with the result of surgery was 89 in the group of patients with complete recovery and 78 in the group with some residual deficit; the difference was not statistically significant. The four patients with very severe deficit of the L5 or S1 nerve root who had no or very little recovery gave a mean score of 65. The mean score in the Oswestry questionnaire was slightly higher (15.3%) in the group of patients with a persistent mild deficit than in those who recovered completely (7.8%), but the difference was not significant. The patients with persistence of severe or very severe weakness of the large muscles supplied by the L5 or S1 nerve root, scored much higher (50.7%). Of the patients with a complete recovery, 88% returned to preoperative work and sport or leisure activities compared with 78% of those with a partial recovery. Again the difference was not significant.
Discussion
One of the reasons why the available data on the recovery of muscle strength after lumbar discectomy are conflicting may be that different systems for evaluating the muscle deficit have been used, and in no study are the clinical manoeuvres, used manually to test the muscle strength, described in detail. This is important because the measurements of power of EHL and tibialis anterior may vary considerably between the different modalities of manual assessment, whereas the strength of triceps surae can be adequately evaluated only by asking the patient to rise on tiptoe on the affected leg. Another reason may be the improper use of the terms foot-drop, paralysis and paresis. A limitation of our prospective study may be that except for a few patients, EMG was not undertaken before surgery or at the various follow-up evaluations. However, the clinical information obtained by manual testing is not inferior to that given by EMG, provided that the assessment of muscle strength is made using standard manoeuvres. Of the 138 patients included in our study, 22 (15%) were lost to follow-up. We believe this percentage of drop-out to be acceptable, considering the large number of patients enrolled and the length of follow-up, which ranged from three to 13 years.
In our study, preoperative loss of muscle strength was found in 27% of patients. This figure is lower than the 50% incidence of motor deficit found by Hakelius, 13 but compares favourably with the incidence of 28% reported by Blaaw et al. 2 In previous investigations, motor deficits were found to be mild in most patients and very severe in 3% to 11% of those undergoing surgery for herniation of a lumbar disc. 1, 6, [9] [10] [11] [12] 18, 19 After microdiscectomy, a full recovery of muscle strength was observed in 84% of our patients who had a mild preoperative deficit and 61% of those with a severe deficit. Of the patients with mild weakness, those who recovered had undergone surgery three months or less after the onset of muscle weakness, whereas all patients who underwent surgery later had no recovery. Similarly, of the patients with a severe deficit, those undergoing surgery within one month of the onset of weakness had a complete recovery, whereas most who underwent surgery after 70 days had an incomplete recovery of muscle strength. These findings suggest an inverse relationship between both the severity and the duration of preoperative muscle weakness and the ability to recover complete motor function. Such a correlation was not found in the group of patients with very severe loss of muscle strength. In these patients the occurrence and degree of recovery appear to be unpredictable. Some with deficits of short duration did not recover at all, whereas others with muscle weakness with a duration of a few months, did recover completely. The different behaviour of these patients may be related to a difference in the severity of compression of the nerve root or the abruptness with which it occurs.
Experimental studies have shown that severe and rapid compression of spinal nerve roots produces more pronounced damage to the neural tissue than mild or slow compression, [20] [21] [22] [23] and that extradural application of autologous nucleus pulposus induces structural and functional damage of varying severity in spinal nerve roots. 24 In our series, extruded and sequestrated herniations were more often associated with a severe or very severe preoperative deficit and a partial recovery after surgery. The peronei, EHL and tibialis anterior have the least capacity to recover normal strength. Triceps surae showed little tendency to recover when very severely impaired. Severe impairment of quadriceps femoris was rarely observed and all patients in whom this muscle was affected showed complete or almost complete recovery. Other factors were not found to relate significantly to the recovery of muscle function. In contrast to the findings in previous studies, [9] [10] [11] the severity of preoperative radicular pain and of nerve-root tension signs did not relate to the rate or degree of recovery in our patients. The same was true for gender, smoking habits, intake of alcohol and comorbid diseases and for the age of the patients at the time of surgery which, in two previous studies, 9, 18 was found to be inversely related to the recovery of muscle strength. The patients' satisfaction with the outcome of surgery and their capacity to return to work and leisure pursuits, corresponded to the degree of recovery of muscle strength and of the postoperative functional disability as evaluated by the Oswestry questionnaire.
Nystrom 7 compared 56 patients undergoing microdiscectomy with 64 operated on by conventional techniques. He found a higher proportion of neurological recovery in the microdiscectomy group. In our investigation, the recovery of muscle strength compared favourably with studies which analysed patients submitted to conventional discectomy. 8, 10, 12, 13, 18 These studies, carried out before the advent of CT and MRI, used different diagnostic tools. It is, however, conceivable that the use of the operating microscope may have played an important role by enabling better visualisation for removal of disc fragments with minimal trauma. The results of our study indicate that in patients with herniation of a lumbar disc, which causes mild or severe weakness of muscles supplied by the L2 to L5 nerve roots, a complete or almost complete recovery of strength will occur after microdiscectomy. The chance of complete recovery is better the less severe the neural deficit is and the less delayed (beyond two months) the operation. Even if recovery is incomplete, the patient's subjective functional capacity is not significantly impaired. By contrast, in patients with a very severe deficit of L5 or S1 roots, surgery may lead to recovery of muscle strength, or alternatively, to no recovery and marked functional disability. In these patients, no factor emerges as predictive of whether a good or a poor recovery of neurological function will follow surgery.
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